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Introduction 27
Gut microbial dysbiosis is a plausible contributor to the onset, evolution and outcome of critical 28 illness, but the mechanisms involved have not been fully elucidated (Kitsios et al. JCC 2017; 29 Dickson Lancet RM 2015) . Fecal microbial communities in critically-ill adults have lower 30 diversity and distinct taxonomic signatures compared to fecal samples from healthy individuals 31 (McDonald et al. mSphere 2016) . Specific compositional features such as the ratio of Bacteriodetes 32
to Firmicutes phyla (B/F ratio) have been associated with in-hospital mortality (Ojima et al. Dig 33 Dis Sci 2016) . Thus, defining the pathogenetic disruptions of gut communities during critical 34 illness may help identify new targets for intervention (Kitsios et al. JCC 2017; Dickson Lancet 35 RM 2015) . 36
Sampling gut microbiota for sequencing analyses can be challenging in the Intensive Care Unit 37 (ICU). Critically-ill patients frequently experience constipation or ileus (Nassar et al. JCC 2009) between rectal swabs and stool samples when rectal swabs were not visibly soiled by stool. To 48 further examine for systematic differences in gut microbial profiles captured by stool vs. rectal 49 swab samples, we obtained data from a larger cohort of 106 patients admitted to the medical ICU 50 at a tertiary academic center. 51
In this observational cohort study, we prospectively enrolled consecutive mechanically-ventilated 52 patients with acute respiratory failure from any cause. We collected rectal swabs and/or stool hemodynamic or respiratory instability). Stool samples were collected when available, either by 59 taking a small sample from an expelled bowel movement (before cleaning of the patient and 60 disposal of stool), or through a fecal management system (rectal tube) placed for management of 61 diarrhea and liquid stool collection. We extracted bacterial DNA and performed 16S rRNA gene 62 sequencing (V4 subunit) on Illumina MiSeq with standard protocols as previously described 63 (Kitsios et al. Frontiers Microbiology 2018) . Sequencing data were analyzed for alpha and beta 64 diversity and taxonomic composition with the R software. 65
We enrolled 106 patients comprising a total of 175 samples (137 rectal swabs and 38 stool 66 samples). Stool samples were available from 24 (23%) patients during the study period, and 10 5 patients had both sample types available. Patients with and without stool samples available were 68 similar in terms of baseline demographics (age, gender, BMI) ( Figure 1A ). As expected, patients 69 with stool samples had higher incidence of recorded diarrhea (p<0.009), but also higher severity 70 of illness by Sequential Organ Failure Assessment (SOFA) scores (p<0.001) and duration of ICU 71 stay and mechanical ventilation (p<0.001). Sample type availability varied by follow-up interval: 72
rectal swabs constituted the majority of samples at the baseline interval (89%), but stool samples 73 were progressively available for larger proportions of patients (58% of patients at late interval, 74 for most of the observed differences in alpha diversity between rectal swabs and stool samples, 82 while samples collected later had similar alpha diversity ( Figure 2B ). 83
Rectal swabs and stool samples were also systematically different by beta diversity metrics (Bray-84
Curtis dissimilarity index), as visualized via principal coordinate analysis 85 ( Figure 2C ). In subgroup analysis by follow-up interval, a statistically significant temporal effect 86 on beta diversity was found only for rectal swabs (p=0.001), but not stool samples. Rectal swabs 87 collected later in the course were more similar to stool samples. To assess for the relative impact 88 of patient identity vs. sample type on beta-diversity, we performed a multivariate permutational 89 6 analysis of variance for patients with both stool and rectal swabs available at different intervals. In 90 this analysis, the sample type (rectal swab vs. stool) variable significantly accounted for more 91 inter-sample variance (p<0.001) than the patient identity variable. 92
Analyzing the taxonomic composition at the phyla level, we noted that rectal swabs had higher 93 relative abundance of Actinobacteria (a commensal skin microbe) compared to stool samples 94 (p=0.02), but the Actinobacteria relative abundance declined over time in rectal swabs (p=0.03 for 95 repeated measures analysis of variance, Figure 3) . At the genus level, stool samples had higher 96 relative abundance of Akkermansia, Bacteroides and Enterococcus taxa, which are considered 97 typical members of the gut microbiome of critically-ill patients (all p-values <0.004). Examination 98 of the taxonomic composition at the genus level for 10 patients who had both sample types 99 available at different follow-up intervals showed marked discordance between rectal swabs vs. 100 stool samples (Supplemental Figure) . 101
Discussion 102
Our analyses in a large cohort of critically-ill patients highlight significant differences between the 103 more accessible rectal swabs and the harder to obtain, but effectively gold-standard, stool samples. 104
In this study, stool sample availability captured distinct patient characteristics, perhaps because 105 morbid critically-ill patients with longer ICU stays had higher likelihood of stool passage and 106 collection during the study follow-up period. 107
Systematic differences in alpha and beta diversity by sample type were largely attributable to the 108 baseline samples acquired close to ICU admission and endotracheal intubation. At this early 109 timepoint, 89% of the available samples were rectal swabs and most patients were not receiving 110 enteral nutrition (58%). Stool presence in the rectal vault may have been limited, resulting in 111 "unsoiled" swabbing of the rectal mucosa and peri-rectal skin, which were then represented by 112 disproportionate abundance of skin bacteria (i.e. Actinobacteria phyla) than what would be 113 expected for gut profiles. The temporal convergence of microbial profiles between rectal swabs 114 and stool samples observed in our study suggests that progressive recovery of gut motility during 115 ICU course and stool presence in the rectal vault may have improved the reliability of "soiled" 116 rectal swab sampling, although we did not qualitatively score the macroscopic appearance of 117 swabs as in the study by Bansal et al. (mSphere 2018) . 
